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SYNOPSIS Two apartment bui1dinga owned by Syracuse University in the Slocum Heights area underwent extensive differ-
ential. settlement manifested by foundation cracks. Examination of rock exposures in the nearby area revealed the 
presence of gypsum beds. Onsite boring and investigation revea1ed that regrading and instal1ation of french drains 
and storm sewers influenced the groundwater regime resu1ting in so1utioning of the gypsum and subsequent co1lapse of 
underground cavities. Rellledia1 meaaures inc1uded a1teration of drainage system and underpinning of apartment struc-
tures, 
Dl'l'RODUC'l'ION 
In September, 1982 , two apartment bui1dings owned by 
Syracuse University located in the S1ocum Heights area 
underwent extensive differential settlement, approxima-
tely 5.00 inches resu1ting in severe damage to the 
building (Figure l) • In late Auguat, 1982, the occupants 
of the apartment (Buildinq 34) had begun to notice cracks 
in the northeast end of the building and complained to 
the maintenance office. In early September a water 
main and sewer line located between apartment buildings 
34 and 35 broke and al1 the exoesa water disappeared 
below ground. The fol1owing day, a sma1l cavity was 
noticed between the building& . The cavity enlarged 
during the day and the fo1lowing day, 1arge cracks in 
the foundation were noticed in Building 35. Both apart-
ments were evacuated and underpinning measures were 
taken to salvage the northeast corner of Building 34 
(Figures l and 2). 
over a period of eight days a series of thirteen borings 
and soi1 samples were taken in the area to determine 
the subsurface conditions and determine the cause of 
the subsidence. Fiqure 3 outlineli the area of subsi-
dence, boring locations and apartment buildings affec-
ted by the subsidence. During the boring program the 
cavity ceased increasing and the area of subsidence 
stabilized to the size as shown in Figure 3. 
FIELD INVESTIGATION RESULTS 
'l'he thirteen borings indicated that the general subsur-
face profile in the problem area consisted of approxi-
mately twenty feet of brown, moist, stiff silt overlying 
ten to twenty feet of extremely soft saturated silt with 
two to three foot void spaces. Rock was encountered 
immediately below the soft material. Figures 4 and 5 
show typical subsurface profiles beneath the distressed 
apartment bui1dings . 
Much of the Syracuse area 1 inc1uding the Slocum Heights 
area, lies on bedrock of Cobblesldll, Bertie and Camil-
lus formations. Exposures of the Cobbleskill forma-
tion on an adjacent roadway cut ware examined . The 
formation consists of Dolostone interspersed with gypsum 
1439 
!,'i~e. 1 -Damaged Apartment Bui1ding (B-34) Due To 
Subsidence , Slocum Heights, Syracuse , N • Y. 
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Figure 3 - Plan of Area Indicating Subsidence Area and 




Figure 4 -North-South Section of East Side of Bldg. 34, 
Slocum Heights, Syracuse, N.Y. 
beds • Examination of to,POgraphic maps of the area 
revealed numerous minor depressions and local expressions 
of underground subsidence, 
Field investigation results indicate that due to the 
construction of the student housing in the Slocum 
Heights area, hydrological conditions have changed • 
Before the construction of the buildings, the ground-
water originating from infiltration of surface water, 
flowed through cracks and fissures present in the bedrock. 
However, after the construction of the apartment build-
ings B-34 and B-35, the groundwater flow accumulated 
between these buildings. At the time of construction, 
this aspect was considered and french drains and storm 
sewers were installed to account for the altered drainage 
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pattern. However, it is not clear that at the time of 
construction , the presE!nce of gypsum beds in the dolo-
stone rock was known. 'l'he borings taken at the time of 
construction of the apartment building indicates that 
the borings reached only the bedrock level. 
FINDINGS 
'l'he field investigation results indicated the existence 
of a large void under the southern ends of buildings 
34 and 35 • 'l'he void appears to range from 1 to 2 feet 
in depth and is overlain by approximately 20 feet of 
sand and silt overburden. 'l'he void space is ilnderlain 
by competent dolostone interspersed with gypsum beds. 
'l'he existence of this void led to settlement of the 
buildings, as evidenced by severe cracking and also to 
disruption of utility services in the area. 
Based on the findings of the field investigations and 
geological background, the cause of the subsidence was 
the solution of the gypsum beds present in the dolostone 
rock underlying the sand and silt layer. Groundwater, 
originating from infiltration of surface water, ini-
tially flowed through cracks and fissures in the bed-
rock until it reached the unit susceptible to solution. 
After the construction of apartment buildings 34 and 35, 
due to change in topography of the site, increased 
amounts of groundwater flowed into this area. 'l'he pre-
sence of french drains took care of part of the problem, 
but was not sufficient. 
Minor depressions and structural. basins, which can be 
observed near the area of investigation are the to,PO-
graphic expressions of underground collapse caused by 
the collapse of larger solution channels • Allenson 
(1955) reports in his thesis that, "In area of numerous 
subsidence depressions, there are no streams which flow 
year round , and most of the drainage is underground" • 
'l'he movement of groundwater as described above was 
verified by dye tests performed in 1963 and is reported 
in the testimony of the Onondaga Landfill Systems, 
Solid Waste Application (1979) • 
Formations with solution channels show extreme variation 
in hydraulic conductivity. 'l'he hydraulic conductivity 
of unaffected rock can be essential.ly zero, while the 
solution cavity can have hydraulic conductivity similar 
to that of a pipe. In effect, groundwater flow has 
been converted from laminar flow in unaffected rock to 
turbulent flow in solution channels. 'l'his turbulent 
flow has a much greater potential to ~rode the overlying 
soil. 
'l'he site investigation and geological conditions in this 
area led to the conclusion that under the buildings 
(see Figures 4 and 5) cavities in the dolosite rock 
were present. Due to increase in water flow after the 
construction of the apartment buildings and the water 
p~pe line break, the soil above the cavity progres-
S1Vely collapsed. One of the soil. borings near B-35 
was drilled 15 to 20 feet into the rock layer to find 
the presence of rock cavities. However the boring 
indicated that the rock layer was compe~ent (see 
Figure 5) • It is possible that there might be a cavity 
under 75 to ~0 feet of rock layer, and the layer which 
was b71ng dr1lled was also caved in blocks of rock. one 
very 1nteresting event was that the variation of rock 
levels within 10 foot distance was 20 to 30 feet. 
'l'he apartment buil.dings were constructed in 1962. Before 
the apartment construction, there was a series of 
s~udent compl.exes which were constructed in 1945 • In 
F1gure 3, the existing contour lines which were pl.otted 
~iqure 5 -North-South Section at West Face of Bldg. 35, 
Slocum Heights, Syracuse, N.Y. 
Ln 1~5, shows a very clear location of a large sized 
iepression which might have been caused due to the pre-
;ence of a cavity. 
tt is possible that the presence of the cavity was never 
loticed because the overburden soil above the cavities 
111as quite competent, Since the apartment buildings only 
l:"equired shallow foundations, the borings taken in this 
u:ea in 1945 and 1962 were not deep, and even if they 
~rere deep enough to reach the rock surface, the cavi-
ties were not present on the rock surface. The site 
investigation would have never disclosed the presence 
~f such cavities. 
In this particular case, the presence of cavities was 
iisclosed by the failure of the overburden soil due to 
changes in drainage patterns. This resulted in an 
increase in the amount of water available for turbulent 
flow in the cavity which led to an accelerated removal 
of overburden and hastened the underground collapse 
beneath the apartment buildings. 
REMEDIAL ACTION 
The northeast end of building 34 was underpinned using 
two drilled piers placed on the underlying rock forma-
tion , The entire area was regarded to reduce the 
infiltration of groundwater. All the cracks in 
building floors were also sealed. Buildings 34 and 
35 are being monitored for evidence of further subsi-
dence, 
CONCLUSIONS 
Several conclusions can be noted from this case history: 
(1) The erosion of fines and collapse of the overlying 
soil in the Slocum Heights was inevitable due to 
alteration of the surface and groundwater regime 
during construction of the apartment buildings. 
(2) An adequate site investigation in 1945 or 1962 
would have revealed the presence of cavities in 
the area and measures could have been taken to 
protect the structure from collapse. 
(3) The site investigation for struct;ures requuJ.ng 
shallow foundations often is restricted to a 
limited number of relatively shallow borings. 
If the boring investigation is limited, it is 
imperative that design engineers have a thorough 
understanding of the geology and composition of 
the local bedrock. 
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